Between 2000 and 2002 the home range, habitat selection and diet of foxes were examined in the Dandenong Creek Valley, Melbourne. The mean home range was 44.6ha (range 19.2 -152.6 ha). A significant selection towards blackberry and gorse used as diurnal shelter was found during the day with an active avoidance of less structurally complex vegetation types.
Introduction
Red foxes (Vulpes vulpes) have established over most of mainland Australia, possibly following the spread of the European rabbit (Oryctolagus cuniculus) and brown hare (Lepus capensis) (Jarman 1986) and are now considered a serious threat to many different groups of native species (e.g. Olsson et al, 2005; Priddel and Wheeler 1997; Spencer and Thompson 2005) and agricultural productivity (Saunders et al. 1995) . The management of foxes in urban areas and at the urban agricultural interface is becoming increasingly difficult, primarily due to the lack of safe and fox-specific management options (Hegglin et al. 2004; Marks et al, 1996) . In most cases, traditional mortality based control strategies such as baiting and shooting are not possible with den fumigation being one of the few practical control options available to managers (Hart et al. 1996) . More recently, research has focussed on developing fecundity based control strategies (Seamark 2001) which may have potential applications in controlling foxes in urban environments. These strategies primarily rely on the delivery of baits containing abortive compounds such as cabergoline (Marks 2001; Marks et al. 2002) or immunocontraceptives (Bradley et al. 1997; Seamark 2001 ). An alternative method of control that could be implemented in the urban environment is habitat manipulation. This type of strategy relies on manipulating and reducing the availability of key resource/s rather than attempting to manipulate the mortality of the population, as would be the case with traditional poison based control methods (Caughley 1977) . The development of such strategies is dependant on a sound understanding of the relationship between the animal, its habitat and its resources (White et al. 1998 ). Understanding what habitats or dietary items are selected or favoured by wildlife has aided in the development of both pest and conservation strategies. A number of these strategies have been based on habitat manipulation, where favoured habitats are modified to less favourable habitats in the case of pest management (eg: Sullivan et al. 1998; White et al. 1997 White et al. ,1998 or where habitats are modified to make them more favourable to wildlife in the case of conservation management, such as in the provision of nest boxes to replace hollows after logging (Lindenmayer et al. 2003) . Whilst the home range and diet of foxes are reasonably well understood (e. understanding of how these urban and semi-urban populations of foxes utilize resources and reach such high densities we may be able to use this information to develop more effective management strategies. This paper examines the home range and habitat selection (both diurnal and nocturnal) of foxes in a semi-urban environment and also examines the diet of urban foxes and the influence of season on dietary composition. A potential control strategy for foxes based on is discussed based on the habitat use and diet results.
Materials and methods Study sites
The Dandenong Creek Valley is a semi-urban riparian corridor in Melbourne's outer eastern suburbs, comprising a mix of parklands, farmlands, golf courses and waste refuse stations bordered on both sides by residential and commercial factory developments. The study area was 13 km long and ranged from 1-3 km wide. The riparian zone and floodplains of the creek consist of wetlands, ponds and small lakes and runs throughout the study zone. Some remnants of native vegetation remain although they are often severely degraded and heavily invaded by weeds such as blackberry (Rubus fruticosus) and Gorse (Ulex europaeus). Prior and current land use of the area involves a variety of farming enterprises such as sheep, cattle and goat farming and the area also has many fruit orchards and horse adjistment paddocks.
The eastern side is designated as a reserve for a proposed freeway development and has extensive weed infestations, cattle and horse paddocks. The entire perimeter is bordered by residential areas, caravan parks and sporting clubs. placed in under the nearest dense cover (generally blackberry thickets) and allowed to recover (the animals were often coming out of sedation as they were placed in the shelter). Released animals were then routinely checked, from a distance, until they fully recovered and moved away to a new location. All animals were checked again during the evening and were seen moving throughout their home range.
Telemetry
Radio collared foxes were tracked on foot using a Regal 2000Titley TM (Ballina: NSW) radio receiver with a three element Yagi antennae. Locations of foxes were recorded on an aerial photo and the type of habitat the animal was using was also recorded. To avoid autocorrelation of locations (Swihart and Slade 1985) only one fix was taken each day, hence a maximum of one diurnal fix was acquired every two days. We were able to take more night fixes as the risk of autocorrelation was reduced and the maximum number of night fixes taken was four with a minimum of 1 hour between each fix. Whilst more nocturnal fixes were able to be taken on any night, the number of nocturnal and diurnal fixes taken overall were kept relatively even.
Home range estimation
Fixes (diurnal and nocturnal) were entered into the Biotas TM (Ecological Software Solutions.
Schwägalpstrasse 2, 9107 Urnäsch, Switzerland. Version 1.03.) home range analysis software package. Both diurnal and nocturnal locations were used to estimate home range area because foxes have diurnal and nocturnal range shifts, and therefore any estimate of home range must incorporate the entire activity cycle of the animal (Harris et al. 1990 ). Home range areas were determined using the minimum convex polygon (MCP) method (Mohr 1947; Southward 1966) . This method was utilised because it is the most commonly reported method in the literature (Harris et al. 1990 ) and therefore allows for some comparison with other studies. The harmonic mean (HM) home range estimator (Dixon and Chapman 1980) was also used to estimate home range size (95% and 75% activity isopleths), shape and core areas of activity (50% activity isopleths). This method of estimation, showed the best performance in simulation trials of five estimators which also included the MCP (Boulanger and White 1990).
Habitat assessment
To determine the availability of different habitat types within a home range four habitat types were generated based on vegetation structure as: 1) patches of blackberry and gorse; 2) Dense native vegetation); 3) long unmanaged grass and reed beds; and 4) areas of short grass and paddock. Blackberry and gorse patches formed thickets offering high structure from the ground to a height of 2 m. Areas of native vegetation with dense understorey also had high structure from the ground up to 2 m. This structure was largely associated with native grasses and shrubs. Long grass and reed beds provided some structure at the ground level, however many of these areas were temporally inundated by water during some winter months. The short grass and paddock habitat type was the broadest habitat type and represented areas with almost no structure to a height of three metres. Other than paddocks, this habitat type also included areas of bare ground and managed wind breaks with sparse ground based vegetation. All areas where radio-tracking was conducted were mapped for habitat types and then entered into a Geographic Information System (GIS). Once the home range analysis had been conducted this GIS was utilised to estimate the proportion of each habitat type within in each fox's home range (95% Harmonic Mean). To determine whether foxes were displaying preference to particular habitat types in their home range, Johnson's (1980) rank based preference technique was used. The proportional use of habitats both during the day and at night were compared to the proportion of available habitats in the animal's home range, described by Johnson (1980) as third order habitat selection. The analysis was conducted using Prefer© (Dakota, USA) (Pankratz and Schwartz 1994) and the Waller and Duncan (1969) method was used to determine the nature of these differences.
Dietary studies
Five 1 km 2 sites were selected across the study area. These sites represented a variety of land uses including managed parklands, golf courses, farmland used for horse and cattle grazing, bike and walking paths, a waste disposal landfill and a recreational field. Monthly for one year the sites were searched on foot for fox scats which were identified by shape and size as described by Triggs (1996) . The contents were sorted using a dissecting microscope and grouped into eight main categories: mammal remains, bones, invertebrates, feathers, blackberry, seeds, vegetation and unidentifiable items. An estimate of the volume of each category in the scat was recorded to the nearest 5% of composition. Hair present in the scat was identified using whole mount and cross section techniques as described by Brunner and Coman (1974) .
Results

Home range and habitat use
The ranging behaviour of foxes was determined from nine individuals with a mean of 94 fixes (SE = 20) per fox ( Table 1) . The mean home range size was 44.6ha ± 13.2 (SE) for the MCP.
Home range analysis using the harmonic mean 95% isopleth revealed a mean home range size of 23.9 ha ± 5.7 (SE). The core component of the home range (HM = 50%) was 1.8 ha ± 0.4 (SE) ( Table 1) . The availability of different habitat types within the home range of foxes differed significantly (F3,32 = 52.485, P < 0.01), with areas of short managed grass being the most abundant habitat type. Habitats containing blackberry and gorse, long grass and reeds, and dense native vegetation did not vary significantly within home ranges (SNK P > 0.05).
Foxes were not found to select any of the habitat categories preferentially at night (F 3,6 = 2.214, P > 0.05). During the day, foxes exhibited a significant preference for blackberry and gorse over other habitat types, with the least favoured habitat being paddocks or areas of short grass (F3,6 = 31.658, P < 0.01) ( Table 2) . If the 95% home range was compared to the proportion of habitats available in the core areas (50% HR), a significant change in composition occurred (F3,32 = 25.350, P < 0.001). The resulting change in composition indicated blackberry and gorse became more prevalent in the core areas and suggests that these weeds are providing a critical resource for foxes in this area.
Dietary studies
A total of 1317 fox scats were collected and analysed across four seasons from all five sites.
The number of scats collected varied according to season (F3,16 = 6.889, P = 0.003) with significantly more scats occurring in summer and autumn than in winter and spring (SNK P < 0.05). Common brushtail possum (Trichosurus vulpecula), common ringtail possum (Pseudocheirus peregrinus), European rabbit, black rat (Rattus rattus), house mouse (Mus domesticus) and the sugar glider (Petaurus breviceps) were all detected in the scats (Table 3) .
Mammalian prey formed 21.8 % of the diet and did not differ significantly between seasons although a non-significant trend suggests that mammals may be utilised more during the winter and spring. No significant trends occurred in the presence of these species in the diet across seasons. Bone fragments were found to constitute 12% of the scats, yet this did not differ significantly between seasons (F(3,16)=0.659, P = 0.589). Bird remains contributed to 5.2% of the content of scats and not differ significantly across seasons (F(3,16)=1.466, P = 0.261) although it was not possible to determine which species of birds had been consumed.
Invertebrates contributed a significant amount to the content of scats (17.9%) and this differed significantly across seasons (F3,16 = 3.257, P = 0.049), with more occurring in the spring diet than in the winter diet (SNK P < 0.05). The proportion of blackberry seeds in the diet differed with season (F(3,16) =30.515, P < 0.001) and these were absent from the diet in winter and spring, but contributed significantly to the summer and autumn diet . Other seeds (plums apples and pears) contributed very little to the diet (1.8%) and differed significantly between seasons (F(3,16)=3.706, P = 0.034) and were more common in the summer than winter and spring (SNK P < 0.05).
Discussion
The mean MCP home range sizes reported in this study (44.6) The small home ranges of the foxes in this study are likely to be the result of extremely high resource loads in the semi-urban riparian environment, as is suggested for foxes in Jervis Bay (Meek and Saunders 2000) . This is consistent with an established negative relationship between home range size and resource availability for many species (e.g. Damuth 1981; Fridell and Litvaitis 1991; Harestad and Bunnell 1979) . We found a random use of our habitat categories at night, but diurnally foxes show a strong preference to patches of blackberry or gorse over all other habitat types and it is likely that this type of habitat is providing structure for 'safe' diurnal resting sites. Given the strong selection for this type of habitat it may be a critical resource that could limit population sizes in this area. The fox's diet appears highly variable throughout the year and is composed of many different food items. Consistent with many other studies these semi-urban foxes appear to be opportunistic predators and scavangers (e.g.
Molsher et al. 2000; Ryan and Croft 1974). The main food items were mammalian prey as has been found in most fox diet studies (e.g. Catling 1985; Mitchell and Banks 2005) . Due to the urban nature of this area there were very few mammalian species represented in the diet with considerable reliance on introduced rodents, the European rabbit and the common ringtail possum and common brushtail possum. This is in contrast to diets in non-urban areas where there is considerably more variety in the mammalian prey taken by foxes (e.g. Mitchell and Banks 2005). Whilst Invertebrates play an important seasonal role in the diet they appear to be eaten more frequently when invertebrates are more likely to be available in the system (i.e. spring). This trend has been observed by numerous authors (e.g. Coman 1973). Likewise, while blackberry fruits are seasonally important food resources, they are utilized as a food resource when they are in abundance in the environment. Given the opportunistic nature of the fox diet in semi-urban environments, manipulation of food resources may be of limited value as a primary control strategy in this area, given that animals can exploit a vast variety of foods.
Foxes made a strong active selection of blackberry and gorse for diurnal resting areas. The high availability of these two species of weeds suggests that a habitat manipulation strategy could be developed on the basis of intensive weed control. It is most likely that removal of these weeds would have a significant effect on the availability of safe diurnal resting resources.
A reduction of this critical resource may force foxes to increase their home range sizes to include less frequent diurnal resting habitats and may reduce the density of foxes in these areas due to increased intra-specific competition for a depleted resource. This process has been described as a population following a negative feedback loop (Caughley and Sinclair 1994) . Such habitat manipulation could cause the population to be maintained at a lowered density, provided the resource is maintained at the reduced levels. This is conceptually different to mortality based control strategies where the population, once reduced in density, has the capacity to rebound towards the density that the resources in the system are dictating (Caughley and Sinclair 1994) . Integrating pest and weed management into one strategy, as is suggested here, not only encourages good land use practices but is also likely to be economically beneficially because weeds and pests are targeted at the same time. Such a strategy may have further flow on effects for other pest species such as rabbits and the black rat, both of which are likely to utilise blackberry and gorse. A reduction in these two prey species and the absence of blackberry as a summer/autumn food resource may further enhance any density reduction associated with the removal of these habitats. If the density of foxes is associated with the availability of patches of dense structural vegetation it is likely that this strategy could be applied to many agricultural areas. Other than blackberry and gorse, which are widely spread in southern Australia, plants such as box thorn (Lycium ferocissimum) and lantana (Lantana camara) may also be capable of providing a similar structural resource in other areas. 
